A surface polysaccharide antigen of Moraxella nonliquefaciens, reported to be cross-reactive with the capsular polysaccharides of group B Neisseria meningitidis and Escherichia coli Kl (K. B0vre, K. Bryn, 0. Closs, N. Hagen, and L. 0. Froholm, NIPH Ann. 6:65-73, 1983), was isolated, purified, and characterized chemically, immunologically, and by nuclear magnetic resonance. This polysaccharide was shown to be a linear homopolymer of a(2-*8)-linked N-acetylneuraminic acid, identical to the capsular polysaccharide of group B N. meningitidis and 0-acetyl-negative variants of E. coli Kl.
N-Acetylneuraminic acid (NANA) polymer, first de- scribed in Escherichia coli K235 by Barry and Goebel (3) and later called colominic acid, has been found in the capsular polysaccharides (CP) of several bacteria, such as Neisseria meningitidis groups B, C, Y, and 135; E. coli Kl, K9, and K92; and types I, II, and III of group B streptococci (24) . The occurrence of cross-reacting polysaccharide (PS) antigens among bacteria, pathogenic or commensal, is quite common. This is true with NANA-containing antigens of several bacteria such as group C N. meningitidis and E. coli K92 (13) and group B N. meningitidis and E. coli Kl (28) . The latter two CP were shown to be linear homopolymers of a(2->8)-linked NANA, non-O acetylated in group B meningococci and 0 acetylated in certain variants of E. coli Kl (34) . In both organisms, CP is both a virulence factor and a protective antigen. Pasteurella haemolytica, a major veterinary pathogen, has also been shown to contain colominic acid (1) . In addition, linear polymers of a(2-)8)-linked NANA form surface glycoproteins of mammalian neural cells (15) , neural cell adhesion molecule (14) , gangliosides (40) , salmon and trout eggs (33, 38) , and eel electroplax (22) .
Moraxella nonliquefaciens, a gram-negative, oxidase-positive, nonmotile rod (9) , is isolated frequently from human sources (8) . It is described as a common nasal commensal and was recovered from 17.7% of human nasal specimens (6) . Kaffka and Blodorn (27) found M. nonliquefaciens in the noses of 44% of healthy children and 60% of children with respiratory ailments. M. nonliquefaciens is usually nonpathogenic but occasionally causes sinusitis (9), ozena (5), and bronchiectasis (4) . In a recent Centers for Disease Control study (19) , M. nonliquefaciens was the most frequently identified species and accounted for 38% of moraxellae causing otonasopharyngeal and eye infections.
B0vre and coworkers first reported that a(2--8)-linked NANA formed a surface PS on some nonmucoid strains of M. nonliquefaciens (7) . These authors reported that phenol extracts of M. nonliquefaciens had a chemical structure The PS in the water phase was precipitated with 70% ethanol, dissolved in 0.1 M CaCl2, and ultracentrifuged at 95,000 x g at 10°C for 5 h. This PS was dialyzed against water at 3 to 8°C and then freeze-dried. The cell-associated PS was prepared by subjecting the bacterial cells to buffered cold phenol extraction (7) and purified as described above.
Group B N. meningitidis, serotype 6, strain M990 (kindly provided by C. E. Frasch, Bureau of Biologics, Food and Drug Administration, Bethesda, Md.), was grown overnight in 100 liters of modified Frantz medium supplemented with 0.5% yeast extract dialysate (18) . The CP released into the culture supernatant was cetavlon precipitated and purified as described above for M. no'nliquefaciens PS. The Kl and K92
CP from E. coli 018:K1:H7, strain C64, and E. coli 013: NOTES K92:H4, strain N67 (National Institute of Child Health and Human Development, National Institutes of Health, Bethesda, Md.), were prepared as described previously (34) .
The NANA and 0-acetyl contents of the PS were determined by the modified ninhydrin (41) and Hestrin (21) methods. The protein contents were measured by Lowry's assay (32) . The molecular sizes of the PS were determined by gel filtration through Sepharose 4B-CL (34).
Hyperimmune horse antisera H46, H52, and H54 and burro antiserum B211, raised against Formalin-killed ceiis of groups B, Y, W135, and C meningococci, respectively, have been described previously (2, 11) . Antisera to M. nonliquefaciens 61-VI were produced in National Institutes of Health general purpose female mice by multiple subcutaneous, intraperitoneal, and intravenous injections of Formalin-inactivated bacteria. Antibodies were measured by the quantitative microprecipitin test (25) , and the isotype composition was determined by enzyme-linked immunosorbent assay (ELISA).
The antiserum agar plates were prepared by using H46 antiserum to a final concentration of 10% in brain heart infusion media containing 1% agarose (39) . The bacteria were streaked out, the plates were incubated for 18 to 48 h at 37°C and then for 8 h at 3 to 8°C, and formation of halos around the colonies was observed.
The CP of groups B, C, Y, and W135 of N. meningitidis (the latter three obtained from C. E. Frasch) and E. coli Kl and K92 and the surface PS of M. nonliquefaciens were reacted with H46 and with mouse antiserum raised against M. nonliquefaciens 61-VI by double immunodiffusion (34) . The surface PS of M. nonliquefaciens was also reacted with antisera against groups C, Y, and W135 of N. meningitidis and rabbit antiserum against E. coli K92 (the latter obtained from Ida and Fritz Orskov, Statens Seruminstitut, Copenhagen, Denmark). The PS antigens were used at a concentration of 0.2 mg/ml of saline. M. nonliquefaciens PS was reacted with H46 antiserum before and after exposure to pH between 2 and 5.8 (31) .
The M. nonliquefaciens surface PS was studied by '3C-nuclear magnetic resonance spectroscopy as described pre- (7) to give the highest yield of NANA. In this study, when grown in liquid media, this strain released most of the surface PS into the culture supernatant. In two experiments, the yield of cell-associated surface PS of M. nonliquefaciens 61-VI was about five times lower than that obtained from the culture supernatant (39.0 mg/liter). Similar yields were obtained with group B N. meningitidis and E. coli Kl.
The NANA contents of the surface PS of M. nonliquefaciens 61-VI and of the CP of N. meningitidis M990 and E. coli Kl C64 were similar; all lacked 0-acetyl groups. The protein and nucleic acid contents of the PS preparations were less than 2% (Table 1) . Gel filtration on Sepharose 4B-CL showed that the Kd value of these PS was -0.6. The surface PS of M. nonliquefaciens studied by B0vre et al. (7) had a higher molecular weight than that of group B N. meningitidis CP; this difference may be due to different growth conditions.
Equally intense precipitin halos were produced on H46 antiserum agar plates by M. nonliquefaciens 61-VI, group B N. meningitidis M990, and E. coli Ki C64 strains, indicating the release bf immunologically specific antigens (Fig. 1) (Fig. 2) , indicating the immunological similarity of the PS antigens of these organisms. Neither E. coli K92 antiserum nor the antisera to groups C, Y, and 135 of N. meningitidis reacted with these polysaccharides (data not shown). Exposure of M. nonliquefaciens PS to acidic pH resulted in spur formation by the untreated PS over the acid-treated PS in immunodiffusion, indicating lactone formation (data not shown). Multiple injections of Formalin-killed M. nonliquefaciens cells induced 1.17 mg of precipitating antibodies to the homologous PS, which were mainly of the immunoglobulin M class, an observation made also in few different animal species injected with inactivated whole cells of group B N. meningitidis (2, 16, 35) .
That the surface PS of M. nonliquefaciens was non-Oacetylated, as examined by 13C-nuclear magnetic resonance spectroscopy, was evidenced by the lack of resonances in the 20-to 25-ppm range (Fig. 3) , characteristic of CH3C(O)O groups (12) ; this result was also confirmed chemically ( Table  1) . The observed spectral pattern of M. nonliquefaciens PS was identical to that of group B N. meningitidis and E. coli Kl non-O-acetylated CP, previously shown to be a homopolymer of a(2-*8) linked NANA (12, 34) and distinct from that of group C N. meningitidis CP and E. coli K92, which consist of polymers of oc(2->9) and alternating a(2--8), ox(2-*9) NANA (12, 13 (30) . Other species of Moraxella, such as M. osloensis and M. phenylpyruvica, are reported to cause septicemia and meningitis in humans (20) . Of the three colonial forms of M. nonliquefaciens, mucoid strains are found exclusively in the nose or bronchi of subjects with ozena (8) . Although preliminary investigations on a limited number of these mucoid strains revealed the absence of NANA (7), in agreement with an earlier study (23) , it would be of interest to screen a large number of such mucoid strains on antiserum agar plates for the presence of ct(2->8)-linked NANA.
The polymers of NANA confer the property of invasiveness to E. coli Kl (37) . In infant rats, E. coli Ki strains induce bacteremia and meningitis after intestinal colonization (17) (36) . Group B N. meningitidis is often present in the throats of healthy humans. The carrier rate of group B meningococci among the military population has been shown to be about 22% (10) . Now, a(2--8)-linked NANA is found in yet another bacterial species, M. nonliquefaciens. All these facts explain the wide prevalence in general population of low levels of serum anticapsular antibodies against group B N. meningitidis and E. coli Kl.
In conclusion, the '3C-nuclear magnetic resonance spectrum of the surface PS of M. nonliquefaciens and the immunochemical studies leave no doubt as to its identity with the CP of group B N. meningitidis and 0-acetylnegative variants of E. coli K1; all these three polysaccharides consist of a homopolymer of a(2-+8)-linked NANA, which is non-O acetylated. Though identical NANA-containing CP confers invasive properties to two species of bacteria, in the case of M. nonliquefaciens, the pathogenic significance of the surface PS is yet to be looked into.
